Purpose We evaluated our 2-year experience of the regional oncofertility network in Gifu Prefecture (GPOFS) in order to establish a more sophisticated regional oncofertility networking model in Japan.
Introduction
Total-body irradiation, irradiation of the gonads, and chemotherapy regimens containing high doses of alkylators can place adolescents and young adults (AYA) with cancer at risk of subfertility after the successful completion of cancer treatment. The provision of information on the risk of infertility and possible interventions to maintain reproductive potential are critical for the AYA population at the time of diagnosis. Because patients should given complicated and detailed information relating to cancer treatment and due to the evolving nature of information related to fertility preservation, and because of the associated ethical issues, it may be preferable to have a specialized team to address these issues with AYA patients rather than the patient's primary oncologist [1] . To achieve the effective and efficient provision of information and support the decisions of patients, a regional medical network system is needed beyond the hospital.
Gifu Prefecture, which is located in central Japan, has a population of approximately 2 million and covers an area of 10,621 km 2 [2] . Gifu has 7 local cancer centers and about 17 hospitals, which provide multidisciplinary cancer treatment.
We started a regional oncofertility network of Gifu patients, oncologists, and fertility specialists (GPOFS), which we call the Gifu Model, in February 2013 (Fig. 1 ). Here we report our 2-year experience with the Gifu Model and attempt to clarify a more sophisticated system.
Materials and methods
We sent questionnaires twice in January 2013 to 57 departments in 35 hospitals that provide cancer treatment in Gifu Prefecture, before the establishment of the regional oncofertility network. The questionnaires asked oncologists about the information that they provided to their patients, and their cognisance of oncofertility (therapy-induced infertility and the options for fertility preservation) (Fig. 2) . We also asked the oncologists to indicate the number of AYA cancer patients and their disease and obstetric histories among the patients who were treated at their departments from January 2012 to December 2013. We also asked them whether the gynecologists at their hospital provided AYA cancer patients with counseling or if fertility preservation interventions were performed in their hospitals.
The GPOFS network
The GPOFS network started with 110 oncologists, fertility specialists, nurses and scientists from 43 departments in 23 hospitals, institutes and local government. Regarding oncofertility, the linkage of many types of medical and social specialists is essential. Participation of the local government is very important because local goverment can access many types of medical and social associations via meetings and their websites and can announce information on the GPOFS system. We started the Oncofertility Clinic in Gifu University Hospital in February 2013. AYA Fig. 1 The Gifu Model as a regional oncofertility network system. AYA cancer patients who wish to obtain more detailed information about the potential impact of cancer therapy on their reproductive function are told to visit the Oncofertility Clinic at Gifu University Hospital as quickly as possible before cancer treatment. The Oncofertility Clinic supports AYA cancer patients in making decisions about the preservation of their fertility Fig. 2 The questionnaire for the oncologists. The questionnaire assesses the attitude toward informed consent and the recognition of oncofertility by regional oncologists. The questionnaire was sent to 57 departments in 35 hospitals that provide cancer treatment in Gifu Prefecture patients who were diagnosed with malignant disease, and whose fertility is potentially threatened by their disease or its treatment, were told to access the Oncofertility Clinic in Gifu University Hospital as soon as possible via the GPOFS network and were given detailed information.
Results
Forty oncologists from 29 clinical departments answered the questionnaire. Their specialties were as follows: breast (n = 19), hematology and GI (n = 13), urology (n = 5), pediatrics (n = 2) and orthopedics (n = 1). The clinical experience of the oncologists (at the time of the surgery, before the implementation of the GPOFS system) ranged from 7 to 39 years ( Table 1) . Nineteen oncologists, who were all from major regional cancer centers, completed the questionnaires after the establishment of the GPOFS networking system. Finally, we evaluated the trends of the patients who were counseled at the Oncofertility Clinic at Gifu University Hospital via the GPOFS network.
The provision of information on oncofertility to AYA patients by oncologists in Gifu Prefecture
The status of the information on oncofertility that was provided to AYA cancer patients was surveyed. The percentages of oncologists who provided information about gonadotoxicity, fertility disorder, fertility preservation, cryopreservation (gamete, embryo and ovarian tissue) and ovarian translocation were 90, 90, 62.5, 58.8, 23.8, 8.8 and 8.8 %, respectively (Fig. 3) . However, the percentages of patients who were given detailed information about oncofertility, sperm cryopreservation or embryo cryopreservation by gynecologists at their hospital were only 26.7, 20.0 and 13.3 %, respectively (Fig. 4) .
The level of understanding on fertility preservation options among oncologists in Gifu Prefecture
We surveyed the level of the understanding of oncologists in Gifu Prefecture on fertility preservation options. The percentages of oncologists who understood the cryopreservation of gamete, embryo, ovarian tissue and ovarian translocation were 60, 30, 5 and 10 %, respectively (Fig. 5 ).
The number of AYA patients who were treated in the major cancer centers of Gifu Prefecture in 2011
The responses to the questionnaires from 29 clinical departments in 15 facilities were collected with a 50.9 % response rate. The survey showed the responses of 91 young cancer patients (younger than 40 years of age) who were first diagnosed in a major cancer center in 2011. The February 2013-December 2014; total = 81. The questionnaire was sent to 57 departments in 35 hospitals that provide cancer treatment in Gifu Prefecture. Forty oncologists from 29 clinical departments answered the questionnaires. The number of physicians and their specialties were as follows: breast (n = 19), hematology or GI (n = 13), urology (n = 5), pediatrics (n = 2) and orthopedics (n = 1). The clinical experience of the physicians ranged from 7 to 39 years. The questionnaire assessed their cognisance of oncofertility (therapy-induced infertility and fertility preservation options) Fig. 3 The present status of information about oncofertility that is provided to AYA cancer patients by regional oncologists. The numbers show the percentages of regional oncologists in Gifu Prefecture who answered ''informed'' in regard to gonadal damage, subfertility, options of fertility preservation, and cryopreservation of gamete, embryo and ovarian tissue. The questionnaire revealed that 90 % of the oncologists informed their AYA patients about the possibility of reproductive dysfunction after cancer treatment but that fewer oncologists provided more detailed information patients included 49 breast cancer patients and 18 hematological cancer patients (Table 2) . A good prognosis was expected in 85 % of the AYA cancer patients in this study for whom a reproductive disorder after cancer treatment could be critical. Fifty-five percent of the good prognosis patients were treated with methods that had the potential to interfere with their fertility.
At least four patients in whom a good prognosis was expected and who indicated that they wished to bear children in the future underwent gonadotoxic treatments (Fig. 6 ).
AYA cancer patients who visited the Oncofertility Clinic in Gifu University Hospital via the GPOFS network
We started the Oncofertility Clinic at Gifu University Hospital at the same time as the GPOFS network was created. AYA cancer patients could be given detailed information about oncofertility and were supported in making their own decisions related to the preservation of their fertility preservation as quickly as possible before their cancer treatment. Eighty-one AYA cancer patients (56 female, 25 male, including 3 patients who were over 40 years of age) visited the clinic and were given counseling during the first 2 years of the clinic's operation (Fig. 7) . In total, the clinic was visited by 6-7 visitors each month. The average ages of the female and male visitors were 33.6 ± 7.0 and 28.4 ± 7.5 years, respectively, with most patients indicating that they had no children or only one child. The hospitals that they initially attended were widely distributed in Gifu Prefecture. The clinic was also visited by a small number of patients from outside Gifu Prefecture (Table 3) .
The diagnosis of the majority of the female visitors was breast cancer (56 %), followed by hematological cancer (24 %). In contrast, the diagnosis in the majority of male visitors was hematological cancer (60 %), followed by testicular cancer (16 %) (Fig. 8) . The rate of female and male visitors who did not selected fertility preservation before cancer treatment remained at 70 and 12 %, respectively, throughout the study period (Fig. 9) .
Discussion
According to our study, reproductive failure was widely recognized by the oncologists to be induced by cancer treatment, but they were hesitant to obtain appropriate informed consent and to propose fertility preservation due to the lack of an oncofertility networking system.
In Gifu Prefecture, 90 % of the oncologists informed their young patients that chemotherapy induced reproductive disorders, but less than 30 % of oncologists informed their young patients about the options of egg or ovarian tissue cryopreservation. It was not possible for the AYA cancer patients to receive oncofertility counseling or treatment at the majority of regional cancer centers. All oncologists who answered this questionnaire indicated that they wanted to increase their connections with fertility specialists.
The issue of fertility preservation in AYA cancer patients has become more important because improved survival after cancer treatment has heightened awareness in regard to long-term quality of life, and the development of cryopreservation techniques for gamete, embryo and gonadal tissues [1, [3] [4] [5] [6] [7] . The term ''fertility preservation'' is applied to medical techniques that help cancer survivors preserve their fertility options before undergoing gonadotoxic cancer treatments such as chemotherapy and radiotherapy. Fertility preservation is now considered to be a Fig. 4 The presence of gynecologists in regional cancer centers. The numbers show the percentages of cancer centers in which there are gynecologists who can provide counseling (26.7 %), sperm preservation (20.0 %) or embryo preservation (13.3 %) to their AYA patients Fig. 5 The level of the understanding of oncologists about each of the fertility preservation treatments. The numbers show the percentages of regional oncologists in Gifu Prefecture who indicated that they ''understand'' each of the fertility preservation treatments. The percentage of oncologists who indicated that they understood the preservation treatments for gamete, embryo and ovarian tissues were 60, 30, and 5 %, respectively Reprod Med Biol major issue in the treatment of young patients with cancer. Previous reports show that a threat to future fertility is a significant concern for cancer survivors [3, 6, 8, 9] . Despite the heightened awareness of fertility preservation and the increasing number of patients who are referred to fertility preservation specialists, only a small percentage of patients elect to receive treatment [4, 8, 10] . This suggests that making decisions about fertility preservation is a complex process for many young patients with cancer.
We started the GPOFS network for oncologists and fertility specialists. The network involves the collaboration of regional medical specialists from a range of hospitals and specialties to support AYA cancer patients in making their own decisions on fertility preservation. The Oncofertility Consortium in the Unites States [11] and the FertiPROTEKT network in German-speaking countries [10, 12] work well and have become good models for the GPOFS network. Their network system is very progressive and mature, not only in their huge scale, but also in enriched content that was comprehensive with regard to research and education.
AYA cancer patients in whom malignant disease is diagnosed and whose fertility may be threatened by their Number of treated AYA patients -5
Total 91 29
A questionnaire for AYA patients who were diagnosed in 2011 was sent to 57 departments in 35 hospitals that provide cancer treatment in Gifu Prefecture and information was collected from 29 clinical departments (50.9 %) in 15 hospitals. Most of the patients were treated by departments of surgery (n = 49), hematology (n = 18) and pediatrics (n = 14) Fig. 6 The treatment-related fertility risks for the AYA cancer patients. Left the percentage of AYA cancer patients in whom a good prognosis was recognized by their oncologists. Right the percentage of AYA patients in whom treatment was scheduled that was associated with highrisk to their fertility Fig. 7 The cumulative number of patients who visited the Oncofertility Clinic of Gifu University Hospital. Closed triangles, closed diamonds and closed circles indicate the total number of patients, the number of female patients and the number of male patients, respectively disease or its treatment are told to access the Oncofertility Clinic in Gifu University Hospital as soon as possible via the GPOFS network and are given detailed information about fertility preservation. Our oncofertility clinic supports AYA cancer patients in making their own decisions about receiving fertility preservation with intensively-informed consent in collaboration with fertility specialists and oncologists. However, the cancer treatment should be given top priority as a matter of course in this selfdetermination. The GPOFS network, which represents the whole of Gifu Prefecture and the surrounding area, is an interdisciplinary and inter-professional network of medical specialists, scientists and scholars who are exploring the relationships between health, disease, survivorship and fertility preservation in young cancer patients. The GPOFS network has just started to help both AYA cancer patients and their oncologists.
There are still many problems to solve with regard to the regional oncofertility network: these include determining the appropriate scale of network, creating a systematic means of providing information in relation to oncofertility counseling, and establishing an educational system for medical providers. Furthermore, a greater number of medical providers need to join and discuss the topic of oncofertility in a nationwide study group such as the Japanese Society for Fertility Preservation (JSFP) in Japan. We believe that the nationwide establishment of the regional oncofertility network could help both AYA cancer patients and oncologists. 
